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Abstract 
Mg-MOF74 is known as one of the best Metal-Organic Frameworks (MOFs) materials for CO2 adsorption and separation due to 
strong interactions of their unsaturated metal sites with CO2. In this work, Mg- and Co-MOF74 were investigated for the first 
time with respect to CO2 sensing and the possible gas interactions with MOFs were discussed. Furthermore, the cross sensitivity 
to ethanol and acetone was tested. The different sensing behavior towards CO2 and ethanol was observed allowing the 
differentiation of these gases. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of Eurosensors 2014.  
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1. Introduction 
MOFs represent a class of porous crystalline materials built up from metal centers and organic linkers, whose gas 
adsorption properties can be adjusted by structural variation.[1] Due to their different adsorption behavior towards 
various gases [2], MOFs are attractive materials for gas storage, separation and gas sensing applications. The 
adsorption selectivity of MOFs is affected by various factors such as pore size, electrostatic interaction, pre-
adsorption of water molecules etc.[3] The electrostatic interactions between gases and MOFs should lead to 
detectable changes in work function (ΔΦ) and are mainly determined by electronic structure of metal centers 
incorporated in organic framework. The principle of work function readout is thought to have a pronounced 
potential for low cost gas sensors.[4] The ability of MOFs for selective gas detection using work function readout 
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represented by Kelvin Probe measurements was already shown for Cu-BTC with regard to aldehyde sensing [5] and 
for M-BTC (M=Co, Cd, Ni, Al) regarding alcohols and alkanes sensing [6]. Low cost gas sensors for CO2 are of 
great relevance for air quality monitoring. In this study, Mg- und Co-MOF74 were proved as a sensing layer for CO2 
detection using Kelvin Probe setup [5] and their cross sensitivity to ethanol and acetone was tested. Mg-MOF74 is 
known as one of the best MOF materials for CO2 adsorption and separation at low partial pressure which are 
relevant for the sensing applications [7, 8], while M-MOF74 with other metal centers (M=Co, Ni, Zn) showed 
decreased adsorption capacity [9]. In M-MOF74, the metal centers are linked by 2,5-dihydroxyterephtalate resulting 
in honeycomb structure. One coordination site at the metal center is occupied by weakly linked solvent ligands, 
which can be removed upon evacuation leaving unsaturated metal centers also known as “open metal sites” or Lewis 
acid sites.[10, 11, 12] Open metal sites play an important role in bonding enhancement of various gases. The 
enhanced CO2 adsorption capability of Mg-MOF is interpreted by stronger interactions between Mg open sites and 
CO2, which is reflected by heat adsorptions enthalpy.[9, 12.] 
2. Materials and Methods 
Investigations of gas sensing properties were performed with Kelvin Probe setup [6] in synthetic air (80% N2, 
20% O2) at 40°C or 25°C and 40% or 50% relative humidity. The sensing layers were prepared by drop coating on 
TiN electrode, which was sputtered on Kelvin Probe substrate (Fig. 1).[5] Since, with drop coating, only poor 
control over the layer thickness is possible, no quantitative statements about the signal heights between different 
samples can be made. 
 
 
Fig. 1. Kelvin Probe sample: (a) photo, (b) sketch. 
 
Fig. 2. X-ray powder diffractions of investigated MOFs.  
a b 
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M-MOF-74 (M = Mg, Co) were synthesized under solvothermal conditions following procedure reported by 
Caskey.[9] The M-MOF structure was confirmed by X-Ray powder diffraction (PXRD) (Fig. 2). Mg- und Co-
MOF74 show an identical PXRD pattern, which exhibits the iso-structural nature of materials. 
3. Results and Discussion 
In Fig. 3, the results of CO2 sensing in humid air are presented. Contrary to expectations, both MOFs show 
similar behavior. The changes in contact potential difference (CPD = ΔΦ) of 5-8 eV in positive direction are 
observed, if the concentration increases from 400 ppm to 4000 ppm. It seems that for investigated MOF the type of 
metal ion does not affect the gas sensing qualitatively. Exposure to acetone exhibits nearly no changes in work 
function, whereas in case of ethanol the work function changes in the opposite direction (Fig. 4). One can also 
observe that Co-MOF74 shows only small signal towards CO2. 
 
Fig. 3. Work function response of Mg/Co-MOF74 to different concentrations of CO2 (400, 1000, 2000, 4000 ppm); synthetic air; 40°C, 50% r.h. 
 
Fig. 4. Work function response of Mg-MOF74 and Co-MOF74 to different concentrations of CO2 (400, 1000, 2000 and 4000 ppm), ethanol (30, 
50 ppm) and acetone (10, 20 ppm) in synthetic air at 25°C and 40% relative humidity. 
The observed work function response of M-MOF74 to CO2 can be explained by Lewis acidity of their open metal 
sites. Since the measurements were performed in humid air and since the water molecules have a stronger Lewis 
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base character than CO2 ones, the open metal sites in both M-MOF74 should be preferentially occupied with water 
molecules. The strong hydrophilic character of Lewis acidic sites in Mg-MOF74 has been confirmed, for example, 
by water vapor sorption isotherms.[10] Consequently no direct interactions between CO2 and the metal center are 
possible. We believe that in this case CO2 molecules interact with H2O molecules immobilized on M-MOF74 under 
formation of hydrocarbonate charge transfer complex, which is detectable with work function based read-out. The 
formation of a hydrocarbonate is an equilibrium reaction and is consequently reversible. In such a case the impact of 
the metal center on the sensing signal should be smaller, which was also found. Ethanol as a stronger Lewis base 
then H2O can directly interact with M-MOF74 by replacement of water molecule or by adsorption via hydrogen 
bonds on water molecule coordinated to the metal ions.[6] Although acetone is a Lewis base, minor changes in work 
function are observed, probably due to the absence of an acidic hydrogen in the molecule structure. In view of these 
results we may assume that acidic hydrogen plays an important role by interaction of alcohols with metal ions of M-
MOF74, even though this assumption requires further experimental validation. In addition, the MOF74 materials 
exhibited rather low stability. 
4. Summary 
We investigated the gas sensing behavior of Mg- and Co-MOF74 towards CO2, ethanol and acetone in humid air 
by means of work function based readout with Kelvin Probe. The investigated MOFs showed work function 
response for CO2 and ethanol in opposite directions. The observed changes in work function were explained in field 
of interactions between open metal sites of M-MOF74 coordinated with water and gas molecules. The different 
reaction of M-MOF74 towards CO2 and ethanol allows the distinction of these gases, although their low stability is 
not yet sufficient for the applications, which requires further modification of such materials. Further investigations 
in dry air are also planned. 
Acknowledgements 
The financial support from the German Federal Ministry of Education and Research in the course of the project 
NanoGasFET (16SV5477, 16SV5378K) is acknowledged. 
References 
[1] B. Chen, S. Xiang, G. Qian, Metal-organic frameworks with functional pores for recognition of small molecules., Acc. Chem. Res. 43 (2010) 
1115–1124.  
[2] J.-R. Li, Y. Ma, M. C. McCarthy, J. Sculley, J. Yu, H.-K. Jeong, P. B. Balbuena, H.-C. Zhou, Carbon dioxide capture-related gas adsorption 
and separation in metal-organic frameworks, Coord. Chem. Rev. 255 (2011) 1791–1823. 
[3] D. Liu, C. Zhong, Understanding gas separation in metal–organic frameworks using computer modeling, J.Mater.Chem. 20 (2010) 10308. 
[4] A. Oprea, N. Bârsan, U.Weimar, Work function changes in gas sensitive materials: Fundamentals and applications, Sens. Actuators B 142 
(2009) 470–493. 
[5] P. Davydovskaya, R. Pohle, A. Tawil, M. Fleischer, Work function based gas sensing with Cu-BTC metal-organic framework for selective 
aldehyde detection, Sens. Actuators B 187 (2013) 142–146. 
[6] P. Davydovskaya, V. Pentyala, O. Yurchenko, L. Hussein, R. Pohle, G. A. Urban, Work function based sensing of alkanes and alcohols with 
benzene tricarboxylate linked metal organic frameworks, Sens. Actuators B 193 (2014) 911–917. 
[7] J. Yu, P.B. Balbuena, Water Effects on Postcombustion CO2 Capture in Mg-MOF-74, J.Phys.Chem.C 117 (2013) 3383–3388. 
[8] S. Choi, T. Watanabe, T. Bae, D. S. Sholl, C. W. Jones, Modification of the Mg/DOBDC MOF with Amines to Enhance CO2 Adsorption 
from Ultradilute Gases. J. Phys. Lett. 3 (2012) 1136–1141.  
[9] S. R. Caskey, A. G. Wong-Foy, A. J. Matzger, Dramatic tuning of carbon dioxide uptake via metal substitution in a coordination polymer 
with cylindrical pores, J. Am. Chem. Soc. 130 (2008) 10870–10871.  
[10] D.-A. Yang, H.-Y. Cho, J. Kim, S.-T. Yang, W.-S. Ahn, CO2 capture and conversion using Mg-MOF-74 prepared by a sonochemical 
method, Energy Environ. Sci. 5 (2012) 6465-6473. 
[11] J. Park, H. Kim, S. S. Han, Y. Jung, Tuning Metal − Organic Frameworks with Open-Metal Sites and Its Origin for Enhancing CO2 Affinity 
by Metal Substitution, J. Phys. Chem. Lett. 3 (2012) 826–829. 
[12] W. Wong-Ng, J. A. Kaduk, H. Wu, M. Suchomel, Synchrotron X-ray studies of metal-organic framework M2(2,5-dihydroxyterephthalate), 
M = (Mn, Co, Ni, Zn) (MOF74), Powder Diffr. 27 (2012) 256–262. 
